We investigated the challenging diagnostic case of a ventricular cystic glioneuronal tumor with papillary features, by RNA sequencing using the Illumina TruSight RNA Fusion panel. We did not retrieve the SLC44A1-PRKCA fusion gene specific for papillary glioneuronal tumor, but an EWSR1-PATZ1 fusion transcript. RT-PCR followed by Sanger sequencing confirmed the EWSR1-PATZ1 fusion. It matched with canonic EWSR1 fusion oncogene, juxtaposing the entire N-terminal transcriptional activation domain of EWSR1 gene and the C-terminal DNA binding domain of a transcription factor gene, PATZ1. PATZ1 protein belongs to the BTB-ZF (broad-complex, tramtrack and bric-a-brac -zinc finger) family. It directly regulates Pou5f1 and Nanog and is essential to maintaining stemness by inhibiting neural differentiation. EWSR1-PATZ1 fusion is a rare event in tumors: it was only reported in six round cell sarcomas and in three gliomas of three exclusively molecular studies. The first reported glioma was a BRAF V600E negative ganglioglioma, the second a BRAF V600E negative glioneuronal tumor, not otherwise specified and the third, very recently reported, a high grade glioma, not otherwise specified. In our study, forty BRAF V600E negative gangliogliomas were screened by FISH using EWSR1 break-apart probes. We performed methylation profiling for the index case and for seven out of the ten FISH positive cases. The index case clustered apart from other pediatric low grade glioneuronal entities, and specifically from the well-defined ganglioglioma methylation group. An additional pediatric intraventricular ganglioglioma clustered slightly more closely with ganglioglioma, but showed differences from the main ganglioglioma group and similarities with the index case. Both cases harbored copy number variations at the PATZ1 locus. EWSR1-PATZ1 gene fusion might define a new type of glioneuronal tumors, distinct from gangliogliomas.
INTRODUCTION
The histological diagnosis of glioneuronal tumors of the central nervous system (CNS) can be very challenging. For example, neuronal differentiation and papillary features are shared by papillary glioneuronal tumors (PGNT), rosette forming glioneuronal tumors, angiocentric gliomas and some gangliogliomas (2, 13, 15, 16) . Many useful molecular signatures have been discovered over the last 10 years. They can confirm the diagnosis of some tumor entities or give strong indications for a certain diagnosis for others. For example, the SLC44A1 (solute carrier family 44, member 1)-PRKCA (protein kinase C alpha) fusion gene has been shown to be associated with PGNT (2) and almost pathognomonic of this diagnosis (16, 18) . The BRAF V600E mutation is a useful diagnostic marker in ganglioglioma (7) , even if some of its differential diagnoses such as dysembryoplastic neuroepithelial tumor (DNET) can exhibit this mutation (4, 23) . This BRAF V600E mutation is found in about half of gangliogliomas (4, 7) . Recent studies of large cohorts of glioneuronal tumors using massive parallel sequencing/next generation sequencing (NGS) underlined the power of molecular alterations to ascertain the diagnosis of these rare tumors (19, 21) . Moreover, NGS allows uncovering of new molecular alterations, RNA-sequencing being a powerful tool to detect novel gene fusions. In our index case (Case 1), a challenging diagnostic case of an intraventricular glioneuronal tumor with papillary features, we used targeted RNA sequencing to identify a diagnostic molecular signature. Neither the BRAF V600E mutation nor the SLC44A1-PRKCA fusion was present but an EWSR1 (Ewing Sarcoma Breakpoint Region 1)-PATZ1 (POZ/BTB And AT Hook Containing Zinc Finger 1) gene fusion was detected. This alteration was reported only in rare round cell sarcomas (14, 29) and very recently in three CNS tumors. Each of these three tumors with EWSR1-PATZ1 fusion was retrieved as a unique case in the screening of large series of glial or glioneuronal tumors (1, 10, 21) . The first reported case was a BRAF V600E negative ganglioglioma, the second a BRAF V600E negative glioneuronal tumor, not otherwise specified and the third, very recently reported, a high grade glioma, not otherwise specified. These studies were purely molecular and no histological or clinical details were reported. The authors did not address the issue whether EWSR1-PATZ1 fusion could define a new tumor entity. We screened forty BRAF V600E negative gangliogliomas by FISH using EWSR1 break-apart probes. A 10% cut-off value was used to minimize false negative as the interval between EWSR1 and PATZ1 loci is only 20 Mb. We performed methylation profiling for the index case and for seven out of the ten FISH positive cases. This method is accurate and robust for classification into tumor subgroups and is applicable to standard pathology specimens. It has recently been applied for reliable subgrouping of large series of CNS tumors (9, 25) . Case 1 was characterized by a DNA methylation profile clearly distinct from other pediatric low-grade tumors, and specifically from the well-defined ganglioglioma methylation group. An intraventricular BRAF V600E ganglioglioma (Case 2) clustered slightly more closely with ganglioglioma, but showed similarities with the index case. This genome wide DNA methylation assay also generates genome-wide copy-number profiles. Both cases had copy number variations around the PATZ1 locus at 22q12.2. We propose that PATZ1 fusion might define a new glioneuronal tumor entity. This fusion may be an oncogenic driver alteration for glioneuronal tumors, as has been recently suggested for EWSR1-PATZ1 sarcomas (29) .
MATERIALS AND METHODS

Patients
The index case (Case 1) was histopathologically diagnosed as a papillary glioneuronal tumor (PGNT) (EUC, AS) and RNA sequencing was applied to search for the SLC44A1-PRKCA fusion gene specific for this diagnosis (3).
Paraffin-embedded samples obtained from 40 patients with a diagnosis of BRAF V00E negative gangliogliomas were retrieved from the archives of pathology departments in five french university hospitals. They were histopathologically considered to be consistent with gangliogliomas after central pathologic review (EUC, AS).
RNA extraction
RNA was isolated from FFPE (Formalin fixed paraffin embedded) material using approximately 5 sections of 10 microns. The High Pure FFPE RNA Isolation Kit (Roche, Boulogne-Billancourt, France) was used according to the standard protocol. RNA was quantified by fluorimetric assay (Qubit Fluorometric Quantitation, Thermo Fisher Scientific, USA). The percentage of RNA fragments > 200 nt (fragment distribution value; DV200) was evaluated by capillary electrophoresis (Agilent 2100 Bioanalyzer). A DV200 > 30% was required to process the next steps of analysis. 
RNA sequencing
NGS
Bioinformatic analysis of NGS data
Processed data were obtained by using the BaseSpaceV R RNA-Seq Alignment v1.0 App (Illumina, San Diego, CA, USA). This application runs STAR v2.5.0b to produce aligned reads in relation to the Homo sapiens reference genome (UCSC hg19) (6) . The Manta tool was used for fusion calling (5).
RT-PCR and sequencing for EWSR1-PATZ1
Total RNA was retrotranscribed to cDNA using SuperScript V R II First-Strand Synthesis System (Invitrogen, Carlsbad, USA) and random primers according to manufacturer's instructions. PCR reactions were performed using Taq DNA polymerase (Invitrogen, Carlsbad, USA). The primers pairs used to amplify and sequence the fusion transcripts of interest were:
0 . After quality check on tapeStation (Agilent, Santa Clara, USA), amplicons were purified by Agencourt V R AMPure V R XP (Beckman Coulter, Brea, USA) according to manufacturer's instructions. These amplicons were sequenced using the Sanger method using GeXP Genetic Analysis System (Beckman Coulter, Brea, USA).
EWSR1 FISH
FISH analysis was performed in forty BRAF V600E negative gangliogliomas. Five-mm-thick sections of the formalin-fixed, paraffin-embedded tissues on silanized slides were deparaffinized for 3 3 10 min in xylene, washed in 100% ethanol, air-dried, incubated in 2 3 SSC (sodium saline citrate) at 728C for 40 minutes, incubated in a proteinase K solution (500 mg/mL in 2 3 SSC, Roche, Meylan, France) at 458C for 5 to 80 minutes, washed in 2 3 SSC for 2 3 3 minutes at room temperature and stored in 70% ethanol at 48C. FISH using the SureFISH EWSR1 probe (Agilent, Santa Clara, USA) was performed on a full tissue section. The probe cocktail decorates the human chromosomal EWSR1 gene 5 0 with a green signal (EWSR1 5 0 BA 564 kb Green, Human Chr22: 29100656-29664246), and the EWSR1 gene 3 0 with a red signal (EWSR1 3 0 BA 263 kb, red, Human Chr22: 29695821-29958416). All FISH was performed according to the manufacturer's protocol. Minimums of 100 nuclei per slide were visualized. Positive score was interpreted when at least 10% of the nuclei showed a break-apart signal. For each series of experiments, a control slide from a Ewing sarcoma case known to harbour EWSR1 rearrangement was examined. Pictures were captured using a Panoramic 250 Flash II (3DHistech, Budapest, Hungary) and analyzed using "Case viewer" software (3DHistech, Budapest, Hungary).
DNA methylation and copy number analysis
DNA for the confirmed/suspected PATZ1-fused cases was extracted from tumors and analyzed for genome-wide DNA methylation patterns using Illumina HumanMethylationEPIC BeadChip arrays. Handling was carried out according to manufacturer's instructions, at the Genomics and Proteomics Core Facility of the German Cancer Research Center (DKFZ). Processing of DNA methylation data was performed with custom approaches as previously described (9, 25) , unsupervised hierarchical clustering was performed using the 10 000 most variably methylated probes across the cohort for the two test cases and selected reference cases from the Heidelberg Molecular Neuropathology platform (https://www. molecularneuropathology.org/mnp) for ganglioglioma, dysembryoplastic neuroepithelial tumor and cortical pilocytic astrocytoma. Clustering was according to Euclidean distance measures and complete linkage.
Copy number profiles were generated using the "conumee" package for R (https://www.bioconductor.org/packages/release/ bioc/html/conumee.html).
RESULTS
Case histories
Case 1
A 32-year-old-woman consulted for neck pain of three-week duration without any headaches, nausea or vomiting. She also complained about visual disturbance corresponding to a vertical diplopia fluctuating over time. MRI showed a tumor in the left lateral ventricle with a moderate ventricular dilatation suggesting central neurocytoma ( Figure 1 ). Total surgical resection was achieved. Considering the low grade histological appearance of the tumor, this patient did not receive additional treatment after resection. One year after surgery, the patient was symptom free and MRI showed no sign of recurrence of the tumor.
Case 2
A 7-year-old-girl was seen in an emergency department for hydrocephalus symptoms with cerebellar ataxia and right lower limb pain. MRI revealed a cystic tumor in the right cerebellar hemisphere extending into the 4th ventricle and the tentorial incisure ( Figure 1 ). Dilatation of the ventricular system was observed. CTscan showed calcifications. An urgent ventriculocisternostomy was performed by endoscopy. Retrospectively, she had light balance disorders with falls of one year duration. During the last months, headaches with projectile morning vomiting occurred monthly. Worsening of symptoms occurred over the last couple of months. At a later timepoint, surgical resection of the tumor was carried out. A small tumor remnant was shown by postoperative MRI. Considering the low grade histological appearance of the tumor, this patient did not receive additional treatment after resection. MR scans at 3 months follow up showed a stable tumor remnant. Clinically, the patient is doing well with a right light ataxia.
Histology
Case 1
A striking aspect of this tumor cell proliferation was a rich vascular network ( Figure 2A ) with marked hyalinization ( Figure 2C and Supporting Information Figure S1G ). Relatively poorly differentiated cells with oval hyperchromatic nuclei and poorly delimited eosinophilic cytoplasm surrounded hyalinized vessels ( Figure 2B ). These tumoral cells were immunopositive for olig2 and synaptophysin ( Figure 2D,E) . In other areas, tumor cells with irregular or pleomorphic nuclei and clear cytoplasm formed lobules delimited by a dense reticulin network in which fusiform astrocyte-like cells were seen ( Figure 2G ,H and Supporting Information Figure  S1A ,B). These fusiform cells were immunonegative for GFAP and PS100, whereas pleomorphic clear cells within lobules showed immunoreactivity for both antibodies ( Figure 2I and Supporting Information Figure S1C,D) . Outside the dense reticulin-rich lobular areas, pleomorphic clear cells with some large nuclei were also observed forming patternless sheets [Supporting Information Figure  S1A (left side),E,F]. Neurofilament proteins immunoreactivity was limited to rare axons and few included ganglionic neurons more likely entrapped than intrinsic to the lesion ( Figure 2F ). The surgical sample was composed exclusively of tumor tissue. Margins were not seen, but the lack of reactivity for neurofilament proteins in solid sheets within the tumor, suggested a circumscribed tumor. Few calcifications were present. Mitotic activity was very low with a Ki67 labelling index under 3% contrasting with some marked atypia (Supporting Information Figure S1B ,E,F,H). No staining was observed with IDH1R132H, BRAF V600E and chromogranin antibodies. No CD34 staining was observed outside the vessels. The architectural pattern of this benign glioneuronal tumor and the ventricular localization, lead us to suggest a diagnosis of papillary glioneuronal tumor, despite the heterogeneous staining with GFAP. The dense reticulin network and the presence of ganglionic cells could also fit with ganglioglioma.
Case 2
This tumor was mainly composed of monotonous round cells with neurocyte-like or oligodendrocyte-like morphology arranged at variable density in a fibrillary background ( Figure 2J ,K,L and Supporting Information Figure S2A ,B). Some eosinophilic cells with large cytoplasm were also present ( Figure 2K ). In some areas, they formed structured sheets interrupted by fibrillary matrix ( Figure  2L ). Interface with adjacent brain parenchyma showed a circumscribed tumor ( Figure 2J and Supporting Information Figure S2A ) and neurofilament proteins immunoreactivity was limited to axons in the periphery of the tumor (Supporting Information Figure S2H ). Rare eosinophilic granular bodies were seen. No ganglionic neuronal cells were seen. A rich vascular network was underlined by the Gordon sweet reticulin stain ( Figure 2M ). The vessels had a thick hyalinized wall ( Figure 2K and Supporting Information Figure  S2D ). An important histological feature was the presence of microcalcifications, sometimes in acellular areas with a network of branching calcified vessels (Supporting Information Figure S2C ). Glomeruloid vascular proliferation was focally present (Supporting Information Figure S2E ). Mitotic activity was inconspicuous. Ki67 labelling index was under 3% (Supporting Information Figure  S2F ). Olig2-expressing cells were observed ( Figure 2N ). Some cells displayed dot-like immunoreactivity for synaptophysin (Figure 2O) . Chromogranin was negative. Expression of CD34 was observed in some foci with diffuse or cytoplasmic staining (Supporting Information Figure S2G ). The histological aspects were consistent with a circumscribed low grade glioma whether pilocytic astrocytoma or more probably ganglioglioma because of the strong CD34 immunostaining. No KIAA-BRAF fusion and no mutation in BRAF, H3F3A, HIST1H3B and AVCR1 were retrieved.
EWSR1-PATZ1 fusion transcript
The RNA-sequencing automatic software pipeline detected EWSR1-PATZ1 fusion in Case 1 NGS data analysis. No rearrangements of PRKACA, BRAF, FGFR1, FGFR2, FGFR3, MYB1 or MYBL1 genes were present in the fusion report. Spanning reads across the EWSR1-PATZ1 junction were present and were not replicates but had different starts and ends. These reads allowed us to define the breakpoints on EWSR1 and PATZ1 genes (Figure 3 ). They were confirmed by Sanger sequencing of EWSR1-PATZ1 RT-PCR products in Case 1 (Figure 3) . The whole N-terminal transcriptional activation domain (TAD) from EWSR1 is present in the EWSR-PATZ1 fusion, in frame with the C-terminal DNA binding domain of the PATZ1 transcription factor. The RT-PCR using primers designed around the breakpoint observed by RNA sequencing in Case 1 failed to amplify RNA extracted from Case 2. 
FISH analysis
As the breakpoint of EWSR1 in EWSR1-PATZ1 fusion gene is identical to all previously described EWSR1 fusion genes, we used the commercial EWSR1 break-apart probes already set in our department to be used on FFPE sections The EWSR1 FISH slide of our index case, with a proven EWSR1 breakpoint, was difficult to read: the red and green break-apart probes were always relatively close to one another and only 15% of nuclei had a split signal defined by a distance of 2 spots between red and green signals. This could be explained by the short interval of around 20 Mb between PATZ1 and EWSR1 loci. To screen the forty BRAF V600E negative gangliogliomas, we chose a 10% cut off assuming some false positive cases (i.e., sensitivity was favored over specificity). In some cases that we called positive, the split signal was difficult to distinguish from a chromatin decompaction or from variation in the pre-analytic process of the sample.
We found 10 cases with abnormal signals out of 40 BRAF V600E negative gangliogliomas under these conditions. Seven cases with a sufficient amount of tissue were selected for DNA methylation profiling. They did not cluster with Case 1. One out of the seven cases (Case 2) clustered slightly more closely with ganglioglioma than with our index case. We failed to retrieve EWSR1-PATZ1 fusion by RT-PCR in this case. FISH using EWSR1 break apart probes is definitely not a good tool to detect the EWSR1-PATZ1 fusion. EWSR1 and PATZ1 gene loci are too close (20 Mb) to clearly distinguish a split signal from a chromatin decompaction or a fixation artefact.
Expression analysis
We assessed the expression level of EWSR1 and PATZ1 in Case 1 sample using the NGS data. The count of reads overlapping EWSR1 showed that the exomic regions downstream of the breakpoint were dramatically downregulated compared to the ones upstream (Supporting Information Figure S3 ). On the other hand, the count of reads overlapping PATZ1 showed that the exomic regions downstream of the breakpoint were overexpressed compared to the exon 1 upstream of the breakpoint, indicating that EWSR1-PATZ1 fusion produced an increase of PATZ1 expression (Supporting Information Figure S3 ). 
DNA methylation profiling
DNA methylation profiles were compared with other low-grade glioneuronal tumor entities currently covered in the Heidelberg cohort (from the Heidelberg Molecular Neuropathology platform, https://www.molecularneuropathology.org/mnp). Using DNA methylation analysis, the index case showed a methylation profile clearly distinct from that of other low-grade glioneuronal tumors. Case 2 clustered slightly more closely with ganglioglioma, but showed differences from the main ganglioglioma group and similarities with the index case ( Figure 4 ). Copy number profiles were generated using processing of DNA methylation data. Cases 1 and 2 shared copy number variations at 22q12.2 locus, in the vicinity of EWSR1 and PATZ1. In Case 1, a chromosomal breakpoint was observed in the vicinity of the PATZ1 locus. In Case 2, several focal and larger-scale copy number alterations were observed around the PATZ1 and EWSR1 loci as well as elsewhere on chromosome 22 (Supporting Information Figure S4 ).
DISCUSSION
For the last ten years, NGS has allowed the rapid discovery of new molecular alterations that ascertain the diagnosis of several glioneuronal tumors. Some alterations are pathognomonic for a tumor entity as SLC44A1-PRKCA fusion gene for PGNT (3, 16, 18) ; others are associated with two or more entities, as FGFR1 mutations associated at least with DNET, rosette forming glioneuronal tumor and pilocytic astrocytoma (13, 22) . It seems crucial to put our Case 1 into the molecular context of glioneuronal tumors (2, 3, 11, 13, (19) (20) (21) (22) (23) . No fusions were detected involving PRKCA, BRAF, FGFR1, FGFR2, FGFR3, MYB1 or MYBL1 genes although those genes were present in the capture panel of the TruSight RNA fusion kit. SLC44A1-PRKCA fusion was shown to be a robust genetic signature of PGNT (16) . Since the first report of PGNT in 2012, only FGFR1 N546K mutation has been proposed as an alternative diagnostic marker in PGNT (8) . It is unlikely that EWSR1-PATZ1 fusion represents a novel signature in those tumors. With regard to morphology, in Case 1 the tumor cells were not always regularly arranged around blood vessels as is the case in PGNT and no papillary features were observed in Case 2. Studies of large brain tumor cohorts by thorough NGS including RNA sequencing had reported the EWSR1-PATZ1 fusion only three times in exclusively molecular studies: in one tumor referred to as a grade I BRAF V600E negative ganglioglioma in a series of 91 pediatric and young adult low grade neuroepithelial tumors, in one glioneuronal tumor not otherwise specified (NOS) in a series of 26 adult glioneuronal tumors, and in one high grade glioma NOS in a series of 282 pediatric gliomas (1, 10, 19) . These data underline the rarity of this chromosomic rearrangement in CNS tumors.
We performed genome wide DNA methylation assay to define whether EWSR1-PATZ1 fusion was a new molecular finding in a known CNS tumor entity, in particular ganglioglioma, or may rather define a new CNS tumor entity. This method is accurate and robust for classification into tumor subgroups. It has been recently largely used to refine CNS tumor classification (9, 25) . Using DNA methylation analysis, our index case had a new profile, distinct from other profiles of low grade glioneuronal tumors. A pediatric intraventricular ganglioglioma (Case 2) clustered slightly more closely with ganglioglioma, possibly due to a lower tumor purity, but showed differences from the main ganglioglioma group and similarities with the index case. Both cases shared copy number variations at 22q12.2 locus, in the vicinity of EWSR1 and PATZ1. But in Case 2, copy number variations were numerous and complex at 22q12.2, and could correspond to a more complex rearrangement. Case 1 DNA methylation profiling argues for a new glioneuronal tumor entity molecularly defined by PATZ1 fusion. The recent work by Watson et al reinforces this hypothesis. These authors performed an unbiased and systematic search for gene fusions combined with unsupervised expression analysis in a series of 184 small round cell sarcomas. They showed that EWSR1-PATZ1 fusion defined a homogeneous group based on expression profiles (29) . The histological features of the 5 EWSR1-PATZ1 fused sarcomas were heterogeneous. Nevertheless, all five tumors tightly clustered together and away from other EWSR1 fused sarcomas, indicative of a transcriptionally different entity (29) . One of the five sarcomas had several vessels forming a "haemangioma-like" vasculature reminiscent of the very dense and hyaline vasculature in our cases. Another sarcoma had nests of epithelioid cells akin to some aspects of our index case with clear cells surrounded by a rich reticulin network. Nevertheless, our index case, with olig2 and synaptophysin ummunopositivity, as well as the three previously reported CNS cases are clearly primitive brain tumors and therefore different from this new soft tissue tumor entity (1, 10, 19) . But, the results by Watson et al reinforce the idea that EWSR1-PATZ1 fusion is a strong molecular signature leading to a specific expression profile likely to define a new CNS tumor entity (29) .
The EWSR1-PATZ1 fusion gene that we observed is similar to other EWSR1 oncogenic fusions. These fusions occur between EWSR1 gene and various genes encoding transcription factors, often belonging to the E26 transformation-specific (ETS) gene family, involved in Ewing sarcoma (12, 27) . PATZ1 is also a transcription factor but from the BTB-ZF (broad-complex, tramtrack and bric-a-brac -zinc finger) gene family (24) . As in all previously described EWSR1-PATZ1 gene fusions, the whole N-terminal transcriptional activation domain (TAD) from EWSR1 (corresponding to amino acids 1 to 264) is present in the EWSR-PATZ1 fusion gene, in frame with the C-terminal DNA binding domain of the PATZ1 transcription factor (1, 10, 14, 19, 29) . The oncogenicity of EWSR1 gene fusions seems obvious but the underlying physiopathological mechanisms are still under investigation (12) . The changes in gene expression are very complex, depending on the fusion partner and the cell of origin of the cancer (12, 27) . Moreover, transcriptional changes are just one aspect of the consequences of EWSR1 gene fusion. In fact, EWSR1 is a multifunctional protein acting also in DNA-recombination, DNA pairing, DNArepair, mRNA splicing and transport, G-protein signaling and even in mitotic regulation by dynamically influencing microtubule acetylation (27, 28) . We showed that the exons of PATZ1 after the breakpoint are clearly overexpressed. This BTB-ZF transcription factor is an important regulator of pluripotency in embryonal stem cells repressing developmental genes through its BTB domain (17) . PATZ1 directly regulates Pou5f1 and Nanog. PATZ1 is essential to maintaining stemness by inhibiting neural differentiation (17) .
With NGS massive parallel sequencing, fusion genes are better detected and, surprisingly, EWSR1 fusions, that we could have thought to be relatively specific to soft tissue and epithelial head and neck tumors, are discovered in primary CNS tumors. As EWSR1 overexpression has not been described intrinsically as oncogenic, EWSR1 fusions may help identify transcription factor partners likely to be oncogenic. It could shed light on still poorly known proteins as PATZ1. An EWSR1-PLAGL1 fusion was identified in an atypical teratoid rhabdoid tumor (21) . Of interest, EWSR1 was fused with BEND2 in a spinal ependymoma (21) . BEND2 gene is very poorly described and could be a clue to oncogenetic pathways as BEND2 has also been reported in an MN1-BEND2 fusion by Sturm et al in their MN1 subgroup of primitive neuroectodermal tumors of the CNS (CNS-PNETs) (26) . These authors reported rearrangements involving EWSR1 in three cases of CNSPNETs but they did not precise the kind of rearrangements or the names of the potential EWSR1 partners in their publication.
CONCLUSION
The identification of EWSR1 gene fusion in CNS tumors shed light on the fusion partners. Unlike most classic fusion oncogenes, where a tightly regulated gene is overexpressed through promoter swapping or is constitutively activated, EWSR1 fusion oncogene has far more complex consequences. The partners involved in EWSR1 gene fusion, as PATZ1 in our study, are of particular interest since they may lead to a better understanding of oncogenesis and become new therapeutic targets.
With NGS and especially RNA sequencing, new candidate fusion oncogenes are being identified in CNS tumors. For each fusion, as for the novel EWSR1-PATZ1 fusion, the specificity for a given tumor entity remains to be assessed but DNA methylation profiling suggested that this EWSR1-PATZ1 gene fusion might define a new cluster distinct from low grade glioma including ganglioglioma. If confirmed in a larger series, this specific methylation profile, the ventricular location and the glioneuronal morphology may argue for a new tumor entity.
SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article. Hematoxylin and eosin-stained sections show a relatively well circumscribed tumor even when cellular density is low (A). In these looser areas, oligodendrocyte-like cells are arranged on a fibrillary matrix (B). Network of branching calcified vessels (C). Vessels with a thick hyalinized wall (D). Glomeruloid vascular proliferation is present (left) in addition to a rich endocrinoid vascular network (E). Low Ki67 labelling index (F). Expression of CD34 in some areas with extravascular diffuse or cytoplasmic staining (G). Neurofilament proteins immunoreactivity is limited to axons in the periphery of the tumor (H). Figure S3 . Read counts to estimate EWSR1 and PATZ1 expression levels. (A) for each exon of EWSR1, the median of read counts at each nucleotide along the exon is represented by a thick horizontal bar in a box with the lower edge being the 25th percentile and the upper edge the 75th percentile. The lower bar under the box is the minimal read count and the higher bar above the box is the highest read count. A dramatic decrease of read counts is observed in the exons after the breakpoint, reflecting a huge decrease in EWSR1 expression. (B) same representation as (A) for PATZ1. As the breakpoint is localized in exon 1, the read counts for exon 1 have been splited into two boxes representing exon 1 before the breakpoint and exon 1 after the breakpoint. An increase in read counts is clearly observed after the breakpoint, reflecting an overexpression of PATZ1. Figure S4 . Copy number profiles generated by processing of DNA methylation data. Case 1: A chromosomal breakpoint was observed in the vicinity of the PATZ1 locus. Case 2: Several focal and larger-scale copy number alterations were observed around the PATZ1 and EWSR1 loci as well as elsewhere on chromosome 22.
